Abstract.Nowadays, more and more unmanned aerial vehicles (UAVs) are used to solve various problems. The use of specialized unmanned aerial vehicles causes some difficulties. The UAVs are quite expensive, and you need to have the necessary qualifications in order to effectively operate them. At the same time, there are a lot of non-specialized UAV models, which are much cheaper and easier to use. But the question remains about their capabilities. For example, how to generate a digital terrain model (DТM) of the required quality in order to use it in land use planning? The report is tasked with the scientific (theoretical) substantiation of the need for preliminary calculation of the parameters of aerial survey from the UAV to ensure a required accuracy of the DTM. The calculation involves taking into account the pixel size of the sensor, overlap, image base and the required RMSE of the heights. The report presents a comparison of two methods for DTM generation. Namely, the DTM generation as a result of photogrammetric processing of images obtained during aerial surveying with UAVs and a more traditional method of ground surveying using a modern total station. Obviously, the main criterion for the quality of the generated DTM is the accuracy of the spatial coordinates of its points. This paper presents the qualitative comparison of DТM that were generated using different engineering equipment and using various processing methods. The analysis of the results is based on the least squares method. The study concluded that the use of the photos from the UAVs is effective for the DТM generation.
Introduction
The object of the study: an open area in the landscape reserve Teply Stan was chosen for the experiment. The area of 2150 m 2 is a small slope with a vertical distance of 9 m and is shown in Fig. 1 .
Considering that the area of the object is relatively small, and there are no objects interfering with the line of sight, it was decided to use the ends of the baseline 1000-2000 as control points (Fig. 1) .
Fig. 1. Scheme plot: 1 -baseline; 2 -border area
The basis measurements were made with a Leica TS 09 Plus total station, the characteristics of which are presented in Table 1 . Measurements of the length of the basis and the vertical distance between its ends were carried out in the forward and reverse direction with the subsequent equalization based on the least squares method in the software Credo DAT 4.0. The coordinates of the ends of the basis were specified in the assumed coordinate system, while the grid azimuth of the line 1000-2000 was taken as the magnetic azimuth of this direction.
Materials and methods
It was decided to assess the accuracy of the generated DTM in two ways.
In the first method the accuracy was estimated using the differences in the coordinates of points of two independent models generated by the photogrammetric method from images taken from a UAV [1;2] .
In the second method the accuracy was estimated by the differences in the coordinates of the points of the two models, one of which was generated by the photogrammetric method, and the second by the geodesic method.
Before aerial surveying, artificial targeting wascarried out. Target is a black cross, printed on a white sheet of A4 paper. Later, the ground targets were used as reference and control points. The thickness of the shoulders of the crosses of the targets was calculated based on the resolution on the ground with the determined image geometry. A total of 40 points were marked. The flying height was pre-calculated based on the unspecified characteristics of the camera and in order to guarantee DTM accuracy [3;4] .
The solution of such tasks of land use planning as • development of projects for the anti-erosion organization of the territory;
• designing rice checks;
• reclamation of disturbed lands;
• terracing of slopes;
• determination of the boundaries of the water edge in the design of hydraulic structures;
• counting the volume of earthworks requires the use of topographic plans with a height of the relief section not exceeding 0.5 m. Thus, the accuracy of the DTM should be no rougher than 0.12 m. Based on these considerations, the flying height was pre-calculated by the formula 1 in order to guarantee DTM accuracy of 0.10 m [5] [6] [7] [8] [9] [10] [11] [12] [13] . So, the flying height was 26 m, aerial photo scale was 1: 7200. A large overlap (80 %) is chosen to reduce the effect of distortion, since in this way the central parts of the images will be included in the processing. The direction of the flight strip is aligned with the long side of the image, which is 4000 pixels long [4;14] .
The coordinates of the centers of the ground targets were obtained as a result of the total station survey and processing of the results in the software Credo DAT 4.0. The error in determining the coordinates of the ground targets is 0.004 m and is calculated by the formula 2. In this case, under the ordinary conditions, the error of the coordinates of the DTM points, generated using the total station survey, is 0.05-0.10 m. 
where m p -RMSE of the coordinates of the ground targets, m; m A -RMSE of the coordinates of the ends of the basis, m; S -distance from the ground target to the end of the basis, m; ρ -quality of arc-seconds in the radian; m β -angular accuracy of the total station, sec; m S -distance measurement precision of the total station, m.
After the total station survey was performed, aerial surveying of the object was performed using a Phantom 4 (standard) UAV, the characteristics of which are listed in Table 2 . As a result of aerial surveying, more than two hundred photos were taken, and after rejection forty photos were included in the photogrammetric processing. Image processing was carried out in the software "AgisoftPhotoscan". Before processing, all telemetry data from the photos were deleted [14] . Photogrammetric processing in AgisoftPhotoscan included several steps: 1. import of control point coordinates, 2. measurement of the coordinates of the reference points in each image, 3. selection and measurement of the coordinates of tie points and block adjustment, 4. generation of a dense point cloud of a digital terrain model, 5. orthophoto production, 6. export coordinates of control points in the txt file.
To generate two independent DTMs two processing options were performed, which differed in a set of reference points. The reference points were located at the edges of the contour of the object. The measurement of the coordinates of the reference points on the images occurs in manual mode, all other processing steps are automated.
As a result, 3 DTMs were created, one -as a result of a total station survey and two independent models were obtained as a result of aerial survey using UAVs.
In the first case, the accuracy was estimated by the differences of double measurements, namely by the differences of coordinates of the points of the two models generated with the help of the photos from the UAV [15] [16] [17] . The calculation of the differences of coordinates is presented in Table 3 . The RMSE of the plane coordinates was calculated by formula 3, and the RMSE of the height -by formula 4.TheRMSEoftheplanecoordinateswas 0,021m, and the RMSE of the heights was 0,046m.
where m x:y -RMSE of the plane coordinates, m; dX; dY -differences of the plane coordinates, m; m H -RMSE of the heights, m; dH -differences of the heights, m; n -number of the points. In the second case the accuracy was estimated based on the true errors of the coordinates of the points of the first model and the model generated using the data of the total station surveying [15] [16] [17] . The coordinates of the points received by the total station were taken as true values. The calculation of the differences of coordinates is presented in Table 4 . The calculation of the RMSE of the plane coordinates and the heights was made according to the formulas 5; 6. The RMSE of the plane coordinates was 0.036m, and the RMSE of the heights was 0.071m (6) where m x:y -RMSE of the plane coordinates, m;
∆X, ∆Y -differences of the plane coordinates, m; m H -RMSE of the heights, m; ∆H -differences of the heights, m; n -number of the points. Table 4 Calculation of the differences of the coordinates of the model points (method 2)
Results and discussion
According to the results of the assessment of accuracy, we can say that the accuracy of the coordinates of the points of the models generated using the photos from the UAV is quite high and is comparable with the results of the ground-based measurements. It is quite possible to use such DTM for solving land management tasks.
At the same time, the density of points of such models is much higher than the density of points of the models generated using ground surveys, and this gives a more detailed view of the terrain in a particular area.
Conclusions

1.
It is possible to use UAVs, equipped with semi-professional digital cameras, to generate a highdensity DTM of a requiredaccuracy.The density of points of the DTM, generated using the photos from the UAVs, is much higherthan the density of points of the DTM, generated as a result of ground surveys. 2. It has been experimentally proven that images obtained during aerial surveyingwith UAVs with reasonable parameters (flight height, image base, overlap) allow DTM generation of arequired accuracy. So, according to the images obtained by a camera with a principal distance of 3.61 mm at a scale of1:7200 the DTM was generated with RMSE of heights of 0.07 m for a required RMSE of 0.10 m. 3. The accuracy of the DTM, generated by the photogrammetric method with a different set of reference points, was estimated from the difference in double measurements. RMSE, characterizing the accuracy of the heights of the DTM points, was 0.05 m.
